Infectious hematopoietic necrosis (IHN) virus, prevalent along the Pacific Coast, infects sockeye salmon (Oncorhynchus nerka), chinook salmon (0. tshawytscha), and rainbow trout (Salmo gairdneri). The virus has the properties of rhabdoviruses (4, 11) . The primary pathological lesion in diseased fish is extensive necrosis of the hematopoietic tissues. In terminal cases necrosis of the liver, pancreas, and granular cells of the lamina propria of the gut is also found (3, 39) . The potential for epizootics is highest at 10 C and the disease does not occur naturally above 15 C (2, 33) . In cell culture, however, the virus replicates and causes cytopathic effects at temperatures up to 18 C (3, 37).
Although some information is available on the properties of the virus and epizootiology of the disease (6) , only limited data exist on the pathophysiology of the disease and the mechanisms by which fish resist infection. Various differential hematological, physiochemical, enzyme, and organ function tests are used in mammalian medicine to aid in disease diagnosis and to follow the pathogenesis and recovery from disease. In this study various hematological and blood chemical tests were performed on clinically ill fish to determine if some tests may be of diagnostic value, and to gain a better understanding of the response of fish to this viral infection.
(This paper is part of a thesis submitted to the University of Washington School of Fisheries in partial fulfillment of the requirements for the Ph.D. degree.)
MATERIALS AND METHODS Rainbow trout (Kamloop variety) averaging about 25 g each were placed in 700-liter aquaria supplied with flowing 9 C dechlorinated municipal water. About 200 experimental and 200 control fish were in separate aquaria. All fish were acclimated to the water for 2 weeks before the experiment and were maintained on a commercial dry diet. The water had a total hardness of about 20 Ag/ml (as CaCOs) and a pH of about 6.6 . Further characteristics of the water supply were described by Amend (7) .
The fish were fasted for 24 h before injection. A 50-yg/ml Benzocaine solution was used to anesthetize the fish, then 0.1 ml of IHN virus (107-5 mean tissue culture infective doses per ml) was injected intraperi-AMEND AND SMITH toneally into each experimental fish. The controls were handled similarily except that only cell culture media was injected. The virus was originally isolated from rainbow trout (laboratory stock 1274), fish passed to test for virulency, and then reisolated from moribund dish. The reisolated virus was neutralized by IHN specific antisera.
When the fish showed signs of the disease (3), they were again anesthetized. After excess water was removed from the surface of the fish, the caudle peduncle was severed and blood was collected into heparinized capillary tubes from the caudal artery. Also, hemoglobin and erythrocyte (RBC) counts were determined and blood smears and anterior kidney imprints were prepared (20) . The capillary tubes were sealed and centrifuged at 1,000 x g for 10 min. The packed cell volume was recorded, and then the plasma pH, bicarbonate, and chloride levels were determined (36) . The remaining plasma was frozen (-10 C) and the other biochemical tests were performed within 1 month. Control fish were randomly selected and handled similarly except all fish were processed on 1 day about the time mortality was highest in the infected group (7 days postinjection). All analyses were performed on individual fish.
Blood smears and tissue imprints were air-dried, fixed in methanol, and stained with Lieshman-Giemsa. The cells were classified according to Klontz (19) . Ascorbate analyses were performed as described by Wedemeyer (34) using homogenized anterior kidney tissue, glucose was determined by the method of Dubowoski (13) , and bilirubin was determined by the modified Nosslin method (35) . Bicarbonate and calcium were determined with an Oxford titrator using prepackaged reagents, and the plasma pH with a Corning model 12B blood pH meter at 37 C, then the pH values temperature was corrected to 10 C. Osmolality was measured with an Osmometer by the freezing-point depression method and phosphorus was determined photometrically using prepackaged reagents (American Monitor Corp.). The pCO2 was determined mathematically by using the HendersonHasselbalch equation after the blood pH and bicarbonate were determined. All data were statistically compared with the t test.
Horizontal starch gel electrophoresis was used for detecting alterations in plasma lactic dehydrogenase (LDH), esterase, peptidase, and glutamic oxalacetic transaminase isozyme concentrations (31) . Using a photometric analyzer, the optical density from polaroid negatives of the stained gels was used to compare changes in the LDH concentrations. A more quantitative measurement was attempted by using a densitometer, but the difference between peaks was too great to standardize on the machine. Disc acrylamide gel electrophoresis was used to separate plasma proteins, and the concentration of each peak was quantitated by direct scanning of the gel with a densitometer equipped with an internal integrator. Plasma protein and enzymes analyses were determined on the same fish.
Fluid balance was determined by weighing individual fish to the nearest 5 mg. In this test 15 rainbow trout averaging about 1 g were injected intraperitoneally with 0.01 ml of IHN virus (106.0 mean tissue culture infected doses per ml) and 15 fish were injected with the same amount of cell culture media. Each fish was held in a separate container and weighed daily for 19 days. The fish were anesthetized and excess water was removed by blotting on absorbent paper before each weighing. The fish were not fed during this test and virus re-isolations were attempted on all fish that died.
During these tests, IHN virus was grown on established epithelioid embryonic rainbow trout tissue culture cells. The cells were grown in Eagle minimal essential media (Earl salts) containing 10% agamma fetal calf serum, 100 IU of penicillin G, and 100 mg of streptomycin per ml. Virus-infected cells were grown at 15 C and virus was harvested in about 6 days when all cells showed cytopathic effects. The virus preparation was centrifuged at 1,000 x g for 10 min to remove cellular debris. The mean tissue culture infected dose was calculated by the Reed-Muench method (29) .
RESULTS
Hematology. The hemoglobin, hematocrit, and RBC counts levels were significantly depressed in all moribund fish (Table 1) . However, the mean corpuscular volume, mean corpuscular hemoglobin, and mean corpuscular hemoglobin concentration were normal. This indicates that the cellular concentration was reduced but the RBCs were of normal size and hemoglobin content. The percentage of immature RBCs was significantly increased (P = 0.05) in the infected fish, but the difference between means of infected and control fish was only 2.2%. The percentage of leukocytes in the total blood smear remained unchanged, but in the differential count, the percentage of lymphocytes significantly increased and the percentage of neutrophils decreased whereas no difference in the percentage of monocytes was found ( Table 1 ). The relative percentage of increase in lymphocytes was probably due to the absolute reduction in neutrophils. It appears that the neutrophil counts are the predominant circulatory cell change being affected by this disease. This perhaps is most apparent by comparing the control-moribund ratio in Table 1 .
The anterior kidney is the major site of hemopoiesis in fish, and the imprints prepared from this area indicated areas of severe necrosis ( Fig. 1 ). Although no attempt was made to quantitate the number of necrotic cells, there appeared to be considerably more debris and necrotic particles in the kidney imprint than in the circulatory smears. Also, many of the blast cells were affected. A "vacuolated" cytoplasm condition was seen in some macrophages, and (34) , but the trend of both tests is the same.
Tests for total protein indicated no significant difference between moribund and control fish. However, using disc electrophoresis to detect whether any of the various proteins fractions were altered, we found that the alpha-2 fraction increased significantly and the alpha-3 fraction decreased significantly in moribund fish (Table  3 ). In the same serum samples, no difference could be detected in the plasma concentration of esterase, glutamic oxalacetic transaminase, or peptidase isozymes, but there was a significant increase in the B" LDH isozyme, i.e., the homotetramer of the common form of the B2 locus (31) ( Table 4) . Two major regions of LDH activity were evident in both control and moribund fish (Fig. 2) , but the change was limited to the B"' isozyme. Utter and Hodgins (31) showed that genetic variation occurs with LDH isozymes, but the B 2 gene frequency is most prevalent in serum. LDH isozyme patterns were also compared in muscle, anterior kidney, posterior kidney, liver, spleen, and gill, but no differences were detected. Acid-base and fluid balance. The reduced bicarbonate levels (Table 2) indicated that acid-base regulations were being affected, perhaps associated with alteration of the electrolyte balance. As can be seen in Table 5 , the acid-base balance was severely affected. The total buffering capacity was greatly reduced and the pH was significantly increased. This means that pCO2 (H2CO0) was reduced more than the HCOc-level, thus increasing normal base-acid ratio. The condition suggests a trend towards an uncompensated alkalosis (higher pH) or a metabolic acidosis (lower alkali reserve) or both.
The body fluid balance was estimated by daily weighing individual fish. The weight of each fish was combined into 3-day composites, and the 3-day mean of all fish in each group was then determined. The data were then subjected to linear regression analysis. Because all fish were fasted over the 19-day test, the control fish lost weight at a rate of about 5 mg per day or a total 6.5% weight loss (Fig. 3) . This weight loss for fasting fish is comparable to Brett's data (9) for starved sockeye salmon. In contrast, the infected fish continued to gain weight until they died. The average weight gain was about 15 (3, 39) . This finding, however, does not necessarily mean that there is no physiological alteration of the renal functions, and the data presented here suggest that kidney dysfunction may be the primary cause of death.
The telecost kidney functions primarily as a regulator of body fluid and secondarily as an excretory organ and electrolyte regulator (16) . The freshwater fish is hypertonic to its environment and water continually diffuses across the gills into the blood. The kidney eliminates this excess water and reabsorbs most of the body electrolytes. The gill functions not only as a respiratory organ, but also as an excretory and ion-regulating organ (10) .
The experiments described here indicated that the normal physiology of (18, 25) . However, with IHN disease no apparent at 37 C. This, of course, is not temperature overall reduction in total plasma protein occorrected for pK and solubility constant (1, 28) . curred, but specific alterations in some of the However, for comparison between moribund serum proteins was found. Klontz et al. (21) and control fish, the predictions derived from showed an increase in the beta-2 serum fraction the data are still valid because all fish and of chinook salmon surviving an IHN infection samples were handled the same.
and suggested it may be of immunological As Wedemeyer and Chatterton noted (35) , significance. The antibody activity of fish the terms alkalosis and acidosis are relative to serum resides in the slowest migrating macrotemperature; consequently, the IHN-infected globulin (12, 17) . In the present tests alterations fish may not have suffered from alkalosis. In were observed in the alpha-2 and alpha-3 fracfact, the pH was still within the normal range at tions. Although the reasons for this change are 10 C, even though significant alteration of the not clear, tissue damage or some other host acid-base ratio and severe depletion of the response may be responsible. The separation of VOL. 11, 1975 177 on November 1, 2017 by guest http://iai.asm.org/ Downloaded from AMEND AND SMITH control plasma was similar to that previously reported with disc electrophoresis (30) .
In conclusion, the cause of death seems most closely correlated with the reduction in serum electrolytes. The anemic conditions, raised blood pH, and other changes found were not incompatible with survival. However, the very low blood osmolality and plasma bicarbonate were considerably below normal values (G. Wedemeyer and N. Nelson, J. Fish. Res. Board Can., in press). The very low osmolality value indicated a very poor prognosis (22) and also suggested a considerable loss of sodium. All of these results implicated acute kidney failure as the most probable cause of death. Urine pH, HCO3-, water clearance, and osmolality would have given much additional information, but these tests were not possible on a 25-g fish. Future studies should include analysis of serum sodium and potassium.
